The role of adenosine and adenosine transport in ethanol-induced cellular tolerance and dependence. Possible biologic and genetic markers of alcoholism.
Acute exposure to ethanol in culture inhibits adenosine uptake into cells, thereby increasing the concentration of extracellular adenosine. Extracellular adenosine then reacts with adenosine A2 receptors to stimulate intracellular cAMP production. During prolonged exposure to ethanol, the increase in cAMP is followed by the development of heterologous desensitization of receptors coupled to adenylyl cyclase via Gs, the stimulatory GTP-binding protein. Ethanol-induced heterologous desensitization appears to be due to a reduction in mRNA and protein for G alpha s, a subunit of Gs. This is an example of cellular dependence on ethanol. The important implication of these findings is that a selective inhibitory effect of ethanol on adenosine uptake can lead to desensitization of diverse receptors coupled to cAMP production. Such changes could contribute to the pleiotropic effects of ethanol in the brain and other organs. Prolonged exposure to ethanol also alters the nucleoside transport system. While ethanol inhibits adenosine uptake into naive cells, ethanol no longer inhibits adenosine uptake into cells that have adapted to ethanol. This resistance to ethanol inhibition appears to be a form of cellular tolerance to ethanol. Thus, there appears to be a synergism between ethanol-induced heterologous desensitization of receptor-stimulated cAMP production (cellular dependence) and resistance to ethanol inhibition of adenosine uptake (cellular tolerance), because both lead to reduced intracellular levels of cAMP. Our studies on cAMP signal transduction in cell culture are directly relevant to the pathophysiology of human alcoholism. Heterologous desensitization of cAMP production is demonstrable in lymphocytes taken from actively drinking alcoholics; this measurement appears to be a biologic marker of active alcohol consumption. In addition, regulation of adenosine receptor-dependent cAMP production may be altered in patients at risk to develop alcoholism because of genetic factors. Thus, lymphocytes from alcoholics cultured many generations in the absence of ethanol show increased adenosine receptor-dependent cAMP production and increased sensitivity to ethanol-induced heterologous desensitization. These persistent phenotypic abnormalities in cell culture could be used as genetic markers for alcoholism. Studies are under way to test this possibility.